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Abstract 

Background: Little is known on whether there are ethnic differences in outconnes following percutaneous coronary 
intervention (PCI) and coronary artery bypass grafting surgery (CABG) after acute myocardial infarction (AMI). We 
compared 30-day and long-term mortality, recurrent AMI, and congestive heart failure in South Asian, Chinese and 
White patients with AMI who underwent PCI and CABG. 

Methods: Hospital administrative data in British Columbia (BC), Canada were linked to the BC Cardiac Registry to 
identify all patients with AMI who underwent PCI (n = 4729) or CABG (n = 1687) (1999-2003). Ethnicity was 
determined from validated surname algorithms. Logistic regression for 30-day mortality and Cox proportional-hazards 
models were adjusted for age, sex, socio-economic status, severity of coronary disease, comorbid conditions, time from 
AMI to a revascularization procedure and distance to the nearest hospital. 

Results: Following PCI, Chinese had higher short-term mortality (Odds Ratio (OR): 2.36, 95% CI: 1.12-5.00; p = 0.02), and 
South Asians had a higher risk for recurrent AMI (OR: 1.34, 95% CI: 1.08-1.67, p = 0.007) and heart failure (OR 1.81, 95% CI: 
1 .00-3.29, p = 0.05) compared to White patients. Risk of heart failure was higher in South Asian patients who underwent 
CABG compared to White patients (OR (95% CI) = 2.06 (0.92-4.61), p = 0.08). There were no significant differences in 
mortality following CABG between groups. 

Conclusions: Chinese and South Asian patients with AMI and PCI or CABG had worse outcomes compared to their 
White counterparts. Further studies are needed to confirm these findings and investigate potential underlying causes. 

Keywords: PCI, CABG, Ethnicity, AMI, Outcomes 



Background 

Coronary revascularization including percutaneous coron- 
ary intervention (PCI) and coronary artery bypass graft 
(CABG) surgery, is among the most common and most 
expensive major medical procedures provided in North 
America [1], and is recommended by national guideline 
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bodies for the management of selected patients with acute 
myocardial infarction (AMI) [2,3]. Percutaneous coronary 
intervention has been shown to be more effective than 
thrombolytic therapy for reperfusion [2,4]. In patients with 
AMI whose coronary anatomy appears unsuitable for PCI, 
CABG [3] or conservative treatment is indicated. 

As burden of coronary heart disease has been increasing 
in developing countries such as India and China [5,6], use 
of coronary revascularization technology will likely rise 
globally. However, there is little evidence on the effective- 
ness of these procedures in South Asian and Chinese 
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populations with AMI and how it compares to White 
population. Although no studies explored the ethnic differ- 
ences in outcomes in the post- AMI post-revascularization 
setting, in patients with coronary artery disease who have 
undergone revascularization procedures, studies yielded 
conflicting results. Namely, while some studies reported no 
difference in mortality rates following PCI between South 
Asian and White patients [7,8], other observed lower mor- 
tality among Asian patients compared to their Western 
European counterparts [9]. Similarly, among studies explor- 
ing the ethnic differences in fatal cardiac outcomes follow- 
ing CABG, some studies reported higher mortality in South 
Asian compared to White patients [10-12], while others ob- 
served no such difference [13]. However, these studies are 
limited by lack of adjustment for differences in baseline 
prognostic characteristics, some by small sample sizes, and 
the effectiveness of revascularization is known to differ be- 
tween AMI populations and those with stable coronary ar- 
tery disease [2,14]. Therefore, the objective of this analysis 
was to evaluate ethnic differences in fatal and non-fatal out- 
comes following PCI and CABG in Chinese, South Asian, 
and White patients who have suffered acute myocardial in- 
farction (AMI) while controlling the analyses for potential 
confounders such as socio-demographics, severity of coron- 
ary artery disease, and presence of comorbid conditions. 

Methods 

Data sources 

For this retrospective cohort study, data were derived 
from the hospital administrative data collected in the 
province of British Columbia (BC), Canada, and the BC 
Cardiac Registry from April 1999 to March 2003. The hos- 
pital administrative data include demographics, admission 
and discharge dates, and most responsible diagnosis for 
admission along with comorbid conditions for all patients 
admitted to hospital in BC. The BC Cardiac Registry data 
include the type, date and clinical details of the revascular- 
ization procedure performed, data on the indication for 
the procedure, extent of coronary artery disease, complica- 
tions and other outcomes. The Registry includes all such 
procedures performed in the province. The Vital Statistics 
file contains the date of death for all patients with legis- 
lated mandatory reporting and is updated daily. Data were 
linked using a unique identifier common to all databases. 

Study population 

All patients with AMI diagnosed 1999-2003 in BC were 
identified using a validated coding algorithm in the hospital 
administrative database [15] based on the most responsible 
diagnosis code {International Classification of Diseases^ 
ninth revision [ICD 9], 410.x). This coding algorithm has a 
positive predictive value of 95% (91% to 98%) identifying 
the physicians diagnosis of acute myocardial infarction 
from hospital charts [16]. Patients younger than 20 years of 



age and those who were discharged from hospitalized for 
less than one day were excluded from the study to reduce 
the risk of false-positive diagnosis of AMI. 

Revascularization and outcomes 

For the study primary end-points, short (30-day) and long- 
term mortality, date of death was obtained from the BC 
Vital Statistics file. The secondary end-points included first 
recurrence of AMI and readmission to the hospital for 
heart failure (ICD 9, 428.x), and these were derived from 
hospital administrative data. For the study end-points, pa- 
tients were followed-up for a maximum of 4 years. 

Other prognostic variables 

To adjust for baseline prognostic differences between 
groups, we used the mortality prediction rule following 
AMI [17] that was validated for 30-day and 1-year mortality 
displaying reasonable accuracy (areas under the curve was 
0.78 and 0.79 for 30-day and 1-year mortality, respectively). 
The variables included age (dichotomized into 20-64 and 
65 years of age and older), sex, area-level socio-economic 
status (assessed from area-level median household income 
based on the 2001 Canadian Census), and presence of co- 
morbid conditions such as heart failure, cardiogenic shock, 
arrhythmia (any atrial or ventricular arrhythmia), diabetes 
mellitus, cerebrovascular disease, cancer, and acute or 
chronic renal disease. We also determined distance to the 
nearest hospital (defined as distance between the postal 
code centroids of the residential area and the nearest hos- 
pital), duration from diagnosis of AMI to revascularization 
procedure examined in the model, and severity of coronary 
artery disease based on Duke Criteria [18,19]. 

Defining ethnicity 

Ethnicity data were not available in administrative data. 
The Nam Pehchan computer program [20] and Chinese 
surname list [21] were used to identify study participants 
of South Asian and Chinese ethnicity, respectively. Accord- 
ing to the 2006 Canadian Census, in British Columbia 
Canadian province. South Asians and Chinese were the 
two largest visible minority groups, while the remaining 
population was predominantly White [22]. Consequently, 
the rest of the study non-South Asian and non-Chinese 
participants were classified as White. Nam Pehchan pro- 
gram has been shown to classify South Asian names with 
90.5% sensitivity and 99.4% specificity, while a positive pre- 
dictive value of the program was 63.2% [20]. Sensitivity, 
specificity and a positive predictive value of the Chinese 
surname list are 77.7%, 99.7%, and 80.5% respectively [21]. 
In the event of changing surnames following an interracial 
marriage, misclassification may occur; however, using 
Chinese surname list, there was only a small drop in sensi- 
tivity when married females (Sensitivity = 73.2%) were 
compared to never-married ones (76.7%). In addition. 
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Table 1 Characteristics of Chinese, South Asian and White patients who underwent percutaneous coronary intervention 


Characteristics 


Chinese 


South Asian 


White 


p 


N=4729 


n = 139 


n = 371 


n = 4219 




Female 


35 (25.2) 


74 (20.0) 


1153 (27.3) 


0.008 


Age (years) 








< 0.0001 


< 50 


18 (12.9) 


70 (18.9) 


593 (14.1) 




50-64 


42 (30.2) 


164 (44.2) 


1587 (37.6) 




65-74 


54 (38.9) 


88 (23.7) 


1152 (27.3) 




> 75 


25 (18.0) 


49 (13.2) 


887 (21.0) 




Distance to nearest hospital > 50 km 


5 (3.6) 


42 (11.3) 


1306 (31.0) 


< 0.0001 


Income quintile* 








< 0.0001 


1 (low) 


39 (28.3) 


85 (23.22) 


902 (22.5) 




2 


34 (24.6) 


106 (29.0) 


830 (20.7) 




3 


25 (18.1) 


85 (23.2) 


771 (19.3) 




4 


15 (10.9) 


52 (14.2) 


774 (19.4) 




5 (high) 


25 (18.1) 


38 (10.4) 


724 (18.1) 




Diabetes mellitus 


26 (18.7) 


92 (24.8) 


641 (15.2) 


< 0.0001 


Heart failure 


18 (13.0) 


30 (8.1) 


330 (7.8) 


0.09 


Hypertension 


52 (37.4) 


92 (24.8) 


1041 (24.7) 


0.003 


Cerebrovascular disease 


5 (3.6) 


0 (0.0) 


43 (1.0) 


0.0015 


Renal disease 


5 (3.6) 


5 (1.4) 


63(1.5) 


0.13 


Cardiogenic shock 


3 (2.2) 


4(1.1) 


44(1.0) 


0.46 


Cardiac dysrhythmia 


18 (13.0) 


24 (6.5) 


431 (10.2) 


0.04 


Severity of coronary disease! 








0.6 


Single-vessel 


51 (37.8) 


135 (37.1) 


1481 (36.2) 




2-vessel 


39 (28.9) 


119 (32.7) 


1341 (32.8) 




3-vessel 


38 (28.1) 


98 (26.9) 


1126 (27.5) 




Left main 


7 (5.2) 


9 (2.5) 


130 (3.2) 




Normal 


0(0) 


3 (0.8) 


12 (0.3) 





Variables presented as n (%); Analyses: comparing categories across ethnic groups 
South Asians 1.3%, and White 5.2%). ^Data are missing for 140 patients (Chinese 2, 

validation of Nam Pehchan program revealed only 0.05% 
of the 356,555 names to have mixed components of South 
Asian and non-South Asian origins [20]. 

Statistical analysis 

Ethnic differences in baseline characteristics were tested 
using Chi-square test or Fishers exact test, where appro- 
priate. Ethnic differences in short-term mortality (up to 
30 days after AMI) were modeled using logistic regression. 
Furthermore, ethnic differences in long-term mortality 
(30 days to a maximum of 4 years after index AMI), time 
to the first recurrent AMI, and hospitalization for heart fail- 
ure were evaluated using Cox proportional-hazards model- 
ing. The proportional hazard assumption was assessed 
using the methods based on cumulative sums of martingale 
residuals [23]. Firth correction methods were applied in the 
regression models in case of monotone likelihood with in- 
finite estimates [24,25]. All regression models were 



using a Chl-square test {2-df). 
.9%, South Asians 1.9%, White 



^Data are missing for 224 patients (Chinese 0./ 
3.1%). 



adjusted for age, sex, socio-economic status, distance to 
the nearest hospital, duration from the diagnosis of 
AMI to a revascularization procedure examined in the 
model, severity of coronary disease and presence of 
comorbid conditions (congestive heart failure, cardio- 
genic shock, arrhythmia, diabetes mellitus, cerebrovascu- 
lar disease, cancer, and acute or chronic renal disease) 
based on the Ontario AMI mortality prediction rule [17]. 
Analyses were performed using SAS statistical software 
version 9.1 (SAS Institute Inc., Gary, NC). The University 
of British Columbia institutional research ethics board 
approved the study. 

Results 

Baseline characteristics 

Out of 6416 patients with AMI who underwent revascu- 
larization, 2.8% were Chinese, 8% were South Asian and 
89.2% were White patients. By the revascularization 
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procedure, out of 4729 patients with AMI who under- 
went PCI, 3% were Chinese, 7.8% were South Asian and 
89.2% were White patients. Furthermore, 1687 patients 
underwent CABG within one year of AMI out of which 
2.6% were Chinese, 8.1% South Asian and 89.3% were 
\Vliite patients. Among those who underwent PCI 
(Table 1), South Asian patients were younger at the time 
of AMI presentation compared to Chinese and White 
patients. Diabetes mellitus was more prevalent among 
South Asian patients, followed by Chinese and White 
patients. Chinese were more likely to have hypertension 
compared to their South Asian and White counterparts. 
Further, the prevalence of cerebrovascular disease and 
cardiac dysrhythmias was highest among Chinese and 
lowest among South Asian patients. 



As outlined in Table 2, similar to the PCI population, 
among patients who underwent CABG, South Asian pa- 
tients were younger at AMI presentation and more likely 
to have diabetes mellitus compared to their Chinese and 
White counterparts. However, the prevalence of cardio- 
genic shock was highest among Chinese patients, followed 
by South Asian and White patients. The highest preva- 
lence of 3-vessel coronary artery disease was among South 
Asians, followed by White and Chinese patients. 

Outcomes 

One hundred and sixteen patients died within 30 days 
from PCI (6.5% of Chinese patients (n = 9), 3.0% of South 
Asian (n = ll), and 2.3% of White patients (n = 96)). 
Within a year from PCI, there were 23, 16, and 23 fatalities 



Table 2 Characteristics of Chinese, South Asian and White patients who underwent coronary artery bypass grafting 
surgery within one year of AMI 



Characteristics 


Chinese 


South Asian 


White 


p value 


N = 1687 


n = 43 


n =137 


n =1507 




Female 


8 (18.6) 


25 (18.3) 


319 (21.2) 


0.68 


Age (years) 








0.0717 


< 50 


3 (7.0) 


15 (1 1.0) 


111 (7.4) 




50-64 


16 (37.2) 


62 (45.2) 


5 1 8 (34.4) 




65-74 


16 (37.2) 


40 (29.2) 


545 (36.1) 




> 75 


8 (18.6) 


20 (14.6) 


333 (22.10) 




Distance to the nearest hospital > 50 km 


2 (4.7) 


15 (11.0) 


514 (34.1) 


< 0.0001 


Income quintile* 








0.52 


1 (low) 


1 1 (26.8) 


38 (28.6) 


328 (23.0) 




2 


9 (22.0) 


34 (25.6) 


289 (20.3) 




3 


7(17.1) 


23 (17.3) 


259 (18.2) 




4 


8 (19.5) 


20 (15.0) 


275 (19.3) 




5 (high) 


6 (14.6) 


18 (13.5) 


273 (19.2) 




Diabetes mellitus 


12 (27.9) 


44 (32.1) 


321 (21.3) 


0.0098 


Heart failure 


10 (23.3) 


22 (16.1) 


233 (15.5) 


0.38 


Hypertension 


1 1 (25.6) 


47 (34.3) 


423 (28.1) 


0.27 


Cerebrovascular disease 


1 (2.3) 


0 (0.0) 


39 (2.6) 


0.16 


Renal disease 


0 (0.0) 


6 (4.4) 


35 (2.3) 


0.19 


Cardiogenic shock 


2 (4.7) 


5 (3.7) 


19 (1.3) 


0.0231 


Cardiac dysrrhythmia 


6 (14.0) 


19 (13.9) 


208 (13.8) 


0.99 


Severity of coronary disease! 








0.49 


Single vessel 


1 (2.5) 


6 (4.8) 


73 (5.3) 




2 vessel 


8 (19.5) 


14 (11.2) 


229 (16.8) 




3 vessel 


21 (51.2) 


85 (68.0) 


795 (58.4) 




Left main 


1 1 (26.8) 


20 (16.0) 


264 (19.4) 




Normal 


0 (0.0) 


0 (0.0) 


1 (0.1) 





Variables presented as n (%); Analyses: comparing categories across ethnic groups using a Chl-square test {2-df). *Data are missing for 89 patients (Chinese = 4.7%, 
South Asians 3%, and White 5.5.%). 

■^Data are missing for 159 patients (Chinese 4.7%, South Asians 8.8%, White 9.6%). 
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per 1000-patient years in Chinese, South Asian and White 
patients, respectively. Among those who underwent CABG 
within 30 days following AMI, 47% of Chinese (n = 2), 
2.2% of South Asians (n = 3), and 4.1% of White patients 
(n = 62) died. With regards to long-term mortality follow- 
ing CABG, there were 0, 30 and 21 events per 1000- 
patient years in Chinese, South Asian and White patients, 
respectively. After controlling for baseline characteristics, 
the odds of short-term mortality were significantly higher 
among Chinese compared to White patients who under- 
went PCI (Table 3). In the adjusted analyses, the risk of re- 
current AMI and heart failure was found to be higher 
among South Asian than in White patients following PCI. 
No other ethnic differences were noted among patients 
who underwent PCI. Among patients who underwent 
CABG, there were no statistically significant ethnic differ- 
ences in mortality and risk of recurrent AMI, however, the 
risk of heart failure was significantly higher among South 
Asian patients than in White patients. 

Discussion 

In this observational study we found significantly worse 
prognosis in South Asian and Chinese patients with AMI 
following revascularization compared to their White coun- 
terparts. These observed ethnic differences in mortality, 
risk of recurrent AMI, and heart failure were independent 
of age, sex, socio-economic status, distance to the nearest 
hospital, the duration from an AMI diagnosis to a revascu- 
larization procedure, severity of coronary disease and co- 
morbid conditions. 

Our findings of higher short-term mortality among 
Chinese patients following PCI are in contrast to those 
of a recent study where the rates of all-cause and car- 
diac mortality following PCI were lower in Asian pa- 
tients (Singapore, Hong Kong, and Malaysia) compared 



to their counterparts from Western Europe [9]. This 
difference may be due to the fact that our population 
was an AMI population compared to a lower risk unse- 
lected coronary disease population in the study above. 
Moreover, we directly compared outcomes in ethnic 
groups within a single health care system whereas 
Klomp et al. indirectly compared patients in differing 
health care systems [9,26]. 

Higher short-term mortality following PCI among 
Chinese patients compared with their White counter- 
parts may have occurred for several reasons. Chinese 
patients may have had arrived later to the emergency 
department [27,28] resulting in less effectiveness of the 
procedures or more extensive myocardial damage at 
time of PCI [29]. However, in our study, we extensively ad- 
justed for differences in baseline prognostic characteristics 
and extent of coronary disease. Chinese patients may also 
have had higher post procedural complications or differ- 
ences in coronary artery disease management. Chinese pa- 
tients have been shown to have a lower rate of filling their 
prescriptions and for adhering to secondary prevention 
medications [30,31]. Furthermore, they have a greater use 
of herbal medications [32] . In addition, there may be gen- 
etic differences in antiplatelet responsiveness between the 
ethnic groups [33,34] placing Chinese patients at higher 
risk of peri- and post procedural complications. 

While no difference between South Asian and White pa- 
tients was observed for mortality. South Asian patients 
were found to be at greater risk of non-fatal adverse car- 
diovascular events following PCI and CABG compared 
with White patients, even when examining survivors only. 
Other studies examining ethnic differences in outcomes 
following PCI or CABG have reported conflicting results. 
While several studies of unselected coronary disease pa- 
tients have revealed no difference in fatal cardiac outcomes 



Table 3 Ethnic differences in outcomes among patients who underwent PCI and CABG 

Outcome Chinese vs. White South Asians vs. White 



Chinese vs. South Asian 



PCI 

30-day mortality OR (95% CI) [p] 
1-year mortality HR (95% CI) [p] 
Recurrent AMI* HR (95% CI) \p] 
Heart failure* HR(95%CI) [p] 
CABG 

30-day mortality OR (95% CI) [p] 
1-year mortality HR (95% CI) [p] 
Recurrent AMI** HR (95% CI) [p] 
Heart failure** HR (95% CI) [p] 



2.36 (1.12-5.00) [p = 0.02] 
0.69 (0.30-1.57) [p = 0.37] 
1.04 (0.71-1.51) [p = 0.86] 
1.72 (0.74-4.02) [p = 0.21] 

0.91 (0.20-4.22), [p = 0.91] 
0.14 (0.001-1.05) [p = 0.18] 
0.52 (0.07-3.80) [p = 0.52] 
1.72 (0.52-5.75) [p = 0.38] 



1.63 (0.83-3.20) [p = 0.15] 
0.77 (0.43-1.40) [p = 0.39] 
1.34 (1.08-1.67) [p = 0.007] 
1.81 (1.00-3.29) [p = 0.051] 

0.64 (0.20-2.01) [p = 0.44] 
1.12 (0.50-2.25) [p = 0.76] 
0.44 (0.10-1.85) [p = 0.26] 
2.06 (0.92-4.61) [p = 0.08] 



1 .45 (0.56-3.77) [p = 0.45] 
0.89 (0.33-2.40) [p = 0.82] 
0.77 (0.51-1.17) [p = 0.22] 
0.95 (0.36-2.55) [p = 0.92] 

1 .43 (0.23-9.04) [p = 0.70] 
0.13 (0.01-2.43) [p = 0.17] 
1.18 (0.11-13.24) [p = 0.90] 
0.84(0.21-3.32) [p = 0.80] 



Models are adjusted for age, sex, SES, distance to nearest hospital, time from diagnosis of AMI to a procedure (PCI/CABG), severity of coronary disease and 
comorbid conditions. 

PCI: Chinese, n = 1 39; South Asians, n = 371 ; White, n = 421 9. 

CABG: Chinese, n = 43; South Asians, n = 1 37; White, n = 1 507. 

*among survivors only, Chinese, n = 1 23; South Asian, n = 347; White, n = 3879. 

**among survivors only, Chinese, n = 31; South Asian, n = 85; White, n = 1 01 0. 
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between South Asian and White patients following PCI 
[7,8] and CABG [13], others have observed higher CABG 
postoperative mortality in South Asian than in White pa- 
tients [10-12]. However, the latter studies did not adjust for 
prognostic factors that may have contributed to the con- 
flicting results and did not directly study AMI populations. 

Our study represents a direct comparison of ethnic 
differences of AMI patients in a single health care sys- 
tem using extensive adjustment for prognostic factors 
including severity of coronary disease. However, several 
study limitations should be noted. First, this study is an 
observational study and the ideal study design for deter- 
mining efficacy of these procedures following AMI would 
be a randomized trial. This study is thus susceptible to 
treatment-selection bias and bias from residual confound- 
ing. Although we did adjust for multiple potential con- 
founding factors, we were not able to control for risk 
behaviors (such as smoking, physical activity or diet), dys- 
lipidemia or extent of infarct (non-ST elevation MI, or 
peak cardiac enzyme level) that could explain the observed 
difference in outcomes. Second, ethnicity was defined 
using surname algorithms because self-reported ethnicity 
data were not available. However, surname algorithms have 
been shown to have high sensitivity and specificity; how- 
ever, there is a possibility that some of the ethnic categories 
were misclassified that could potentially underestimate 
inter-ethnic differences in study outcomes. Additionally, 
we did not know generational status of patients, but likely, 
given the age of patients in the cohort, most patients would 
be first generation immigrants. 

Conclusions 

This observational study found a worse prognosis in South 
Asian and Chinese patients following revascularization 
compared to their White counterparts. Observed ethnic 
disparities in outcomes were present despite adjustment for 
demographic, socio-economic and clinical characteristics. 
We believe that the availability of interpretation and trans- 
lation services, the presence of education programs teach- 
ing the importance of adherence to secondary prevention 
medication, the recognition of early signs of AMI and 
timely seek of care, along with equitable access to health 
care, may help reduce ethnic disparities in postrevasculari- 
zation outcomes. In addition, given the inter-ethnic differ- 
ences in the response to clopidogrel antiplatelet therapy, a 
future personalized approach to therapy may further reduce 
the disparity in postrevascularization outcomes. 
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